Abstract-Railway transport is one of the most important mass transportation media in the worldwide. With the development of trains speed, safety and comfort levels of railways is getting more importance day by day. Besides high level of security requirement, detection of anomaly for rail and road shall be early identified for decreasing operation and maintenance expenditures. The pantograph-catenary system has an important role for collecting the current in electrical railways. The problem occurred in this system will affect the current collection performance of electrified trains. In this paper, a new image processing based technique is proposed to detect the arcing faults occurred between catenary and pantograph contact. The proposed method takes one frame from the digital camera and then the edge detection algorithm extracts the edges of pantograph. The arcing between contact wire and pantograph is detected by examining the position of contact wire of pantograph's edge.
INTRODUCTION
With the development of the high-speed electrified trains, the demands for safety of railway transport come into more important. A pantograph is the most utilized component for transmission electric power from overhead wire to locomotive [1] . To ensure the power without any problem, pantographs should maintain good contact under different train speeds [2] . In recent times, the speeds of electrified trains have reached rather high levels. Under these speeds, maintain good contact is challenging problem. Via railroad maintenance planning based on early rail and road anomaly detection technologies, derailment accidents are prevented.
Pantograph and overhead line are two fundamental components for the collection of current signals in electrified trains. The wear between pantograph and overhead wire will result with catastrophic faults. The pantograph arcing faults occurs because of below reasons [3] .
• Incorrect static contact force, • Excess friction, • Incorrectly set aerodynamics, • Worn components, • Poor geometric adjustment. In railway systems, the pantograph is manually inspected to detect damages. In this inspection, locomotive should be taken to a service. This method is undesirable because of loss of service time and cost [4] . Pantograph arcing is one of the most seen fault in electrified railway systems. This arcing generally occurs at higher speed, increasing load, and in cold weather condition [5] . In most case, there is a sliding contact between pantograph and catenary system. A pantograph laterally draws a zigzag on overhead line [6] . However, overhead line applies more contact to some location of pantograph because of a faulty condition. In normal condition, there is a moisture layer between the contact surface and pantograph. In winter season, this moisture layer is frozen and it is more difficult the sliding between two components.
Mechanical sensor based contact type rail and road measurement and inspection techniques has been used in the railway industry [7] . The contact force between pantograph and catenary system was monitored by using a fiber strain sensors [8] . Static and dynamic strains were detected by developed system. With the latest technological developments, contactless measurement techniques are now being used in railway measurement systems. Pantograph and overhead wire system was analyzed by using infrared camera [9] . This analysis was used to detect overheating pantograph strip, bursts of arcing, and irregular positioning of contact line. For an efficient wear measurement of contact wire, a new multicamera based optical inspection system was proposed [10] . Different cameras were mounted at different positions of the roof of the vehicle and overhead contact was visually inspected from different angles. Abrasion on pantograph slide was detected by using edge detection algorithm [11] [12] . Discrete wavelet and Hough transform based method was applied to image of pantograph slide and abrasion related features were extracted [11] . The five kinds of edge detection algorithms were evaluated for the examination of the pantograph slipper images [12] . The results show that Canny edge detection algorithm gives better results than other algorithms. The contact performance between pantograph and overhead line affects the current collecting performance. An image processing based method was proposed to monitor the contact performance [13] . In recent years, there is more relevance about using contactless condition monitoring of railway systems. However, the developed system is suitable for laboratory applications.
In this paper, a new method is proposed to monitor the contact between pantograph and catenary system. The proposed method takes one frame from a video in each step and then the Canny edge detection algorithm extracts edges from image frame. The position of overhead wire is determined in the edge image. This position is used to detect the contact force between pantograph and overhead wire. The obtained signal from position of contact wire is analyzed by two statistical parameters and anomaly in the position is detected.
II. SLIDING CONTACT BETWEEN PANTOGRAPH AND OVERHEAD WIRE
The contact between pantograph and overhead wire, which is found on the roof of an electrified train, allows the collecting current from overhead feeding conductor. Contact wire takes the electric from feeder station that connected at regular space. The catenary and pantograph system is given in Fig. 1 .
In Fig.1 , the contact wire is connected to the messenger wire using dropper wires. The continuity of contact wire is important to ensure better electrical performance. One way to maintain contact is to increase the up-lifting force. However, it increases the resonance of overhead wire and this causes the loss of the contact and wear of contact wire [14] . When the contact has been lost or a gap has been occurred, the power of train will be interrupted. The loss of the contact also causes the arcing between contact wire and pantograph. For high speed train, current collection is based on good contact performance. On a straight way, the contact wire moves slightly to the left and right corner of pantograph. The movement of the contact wire is given in Fig. 2 .
In Fig. 2 , the contact wire applies an impression to different points of the pantograph. Such a system extends the life time of a pantograph. The sliding contact between pantograph and overhead wire consists of three layers. These layers are copper wire, layer of oxide and carbon, and thin film of water [15] . The conduction mechanism is realized by using thin film of water. The gap between two electrodes should be maintained. However, the thin film of water can get frozen in winter and the sliding contact may extend [10] . This condition is given in Fig.3 .
As shown in Fig.3 , the sliding contact is affected from weather condition. The harsh winter condition affects lifting force of pantograph and this leads to appearance of arcing. Thereafter, the contact wire and pantograph can cause damage.
III. CONTACTLESS FAULT DIAGNOSIS APPROACH FOR PANTOGRAPH-CATENARY SYSTEM
To measure automatically the contact strip, the images taken from a camera are used. The main task is to monitor the sequential video frames and detect the anomaly conditions. The obtained images will be analyzed by using canny edge detection algorithm. Edges of pantograph system are extracted for all frames. Contact wire position of each frame is determined from the extracted edge images. The y-axis of this wire continuously changes. This change is saved for each frame. All positions of the contact wire in the video are saved as a signal and then the anomaly of this signal is detected by using statistical parameters. Therefore, the monitoring process will be automated. The block diagram of the proposed method is given in Fig. 4 . In Fig. 4 , the first step is to extract the edge of each frame from video. Afterwards, the y-position of the contact wire is detected and added to the YS array. When all of frame is read, the algorithm will produce the position array of y-axis. The features extracted from contact wire signal (YS) are skewness and kurtosis. They can be computed as 
A. Canny Edge Detection Algorithm
The edges in an images are the pixels that their brightness's change suddenly. Edges characterize the boundaries and therefore they have an important topic in image processing [16] . An edge detection algorithm generally consists of three steps: filtering, derivation, and edge detection. In the filtering stage, the image is filtered in order to remove the noise. In the derivation stage, edge areas in the image are brightening up via density change in the edge area. In the last stage, edges of the image are determined.
Canny algorithm is known as an optimal edge detection algorithm [17] . Canny algorithm uses Gaussian filter to smooth the image and eliminate the noise in the first step. In the next step, these regions are tracked and the algorithm suppresses any pixel that is not at the maximum. In the hysteresis step, the remaining pixels that have not been suppressed are tracked. In this step, two thresholds are used. If the magnitude is smaller than first threshold, it is taken as nonedge. If the second threshold is smaller than magnitude, this magnitude is taken as an edge. The steps of the algorithm are given in Fig. 5 .
In Fig. 5, x and y shows the coordinates of the images and σ is the standard deviation. G n and n show the first derivative of G and direction, respectively. The image is depicted as g. The first step of the algorithm is to apply the canny algorithm to each frame of pantograph's video. The result for one frame is given in Fig.6 . 
B. Detection of the Contact Wire's Position
After the edge image is obtained, the position of contact wire will be detected. For each frame, the obtained positions are added to an array. This array will be used to detect the disorder between contact wire and pantograph. The proposed algorithm is given in Fig. 7 .
In Fig. 7 , the algorithm takes the edge image of the current frame and finds the y-axis position of contact wire. The algorithm starts the searching of contact wire from the first pixel of the current frame. If the algorithm detects a candidate pixel, contactwire method inspect whether the detected pixel is contact wire or not. When the position of contact wire is found, the algorithm will be terminated. For each frame in video, the positions of contact wire is detected and saved to an array.
IV. EXPERIMENTAL RESULTS
The proposed algorithm is applied to a real pantograph's video. All images of the pantograph are taken from the roof of the locomotive. The video of pantograph system is saved for a determined time. While the camera takes a frame, the algorithm will scan the current frame in order to find the position of contact wire. The experimental setup of the proposed algorithm is given in Fig. 8 . For all i such that i<M/3 6
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If E(i,j)==255 8 std=Contactwire(X, i, j, m) For our experiment, the size of the video is selected as 240x320 for healthy condition. The pantograph video, which has not any arcing and is taken as a healthy condition, is saved for duration of 23 seconds. The original frames of their edges are given in Fig. 9 for a healthy condition.
In Fig. 9 , the pixel view of the edge images are given for three frames of the pantograph video. The contact wire zigzags over the pantograph system with an order for a healthy condition. The obtained signal is normalized with z-score normalization. This technique centers the original signal at zero mean and scales it to unit standard deviation. This normalization technique is given in (3). show the mean and standard deviation, respectively. In a healthy pantograph, the contact position of y-axis is given in Fig. 10 . As shown in Fig. 10 , the contact wire zigzags a balanced motion over the pantograph. The camera's point of view, the image resolution or the contact wire position in frame are not affect the performance of the algorithm. This feature is provided by used the normalization technique. The video size of faulty condition is selected as 270x480. The original frames and their edges are given in Fig. 11 for a faulty condition. In faulty condition, contact wire draws more zigzags in some parts of pantograph than others. The more contact occurred on some part of pantograph causes the arcing between contact wire and pantograph. The y-axis position of contact wire is given in Fig. 12 for a faulty condition.
As shown in Fig.12 , the motion of contact wire has a disorder. The contact wire draws more zigzags on the bottom of image than other pixels. This disorder is analyzed by using two statistical parameters. These parameters are given in TABLE I for each motor condition. In TABLE I, the statistical parameters of healthy condition are rather smaller than faulty conditions. These features can be used to discriminate the healthy condition from faulty one.
V. CONCLUSIONS
This paper presents a new approach for monitoring catenary-pantograph system. A simple image acquisition system is used and an image processing based technique is proposed to detect arcing faults. The canny edge detection is selected for image edge detection to deal with image edge of pantograph slipper. The experimental results of the proposed method showed that the position detection of the contact wire was efficient method to detect arcing faults and disorder in contact between pantograph and contact wire. In literature, image processing based condition monitoring of pantograph systems was only performed in laboratory environment. However, the proposed method can be applied in real-time. The realization of the proposed method is not only low cost but also it can be setup to a real system.
The monitoring of contact wire and active pantograph control system brings following contributions:
• Development of a railway measurement and inspection train for both conventional and high speed railway lines, • Real time fault diagnosis that has high accuracy and has immunity to environment condition, • Low cost measurement system, • Increasing safety and comfort levels of railways. 
